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Abstract

Antiestrogens are efficient inhibitors of estrogen-mediated growth of human breast cancer. Besides inhibiting estradiol-stimulated growth,
antiestrogens may have a direct growth-inhibitory effect on estrogen receptor (ER) positive cells and thus be more efficient than aromatase
inhibitors, which will only abrogate estrogen-dependent tumor growth. To address this issue, we have used the human breast cancer cell line
MCF-7/S9 as a model system which is maintained in a chemically defined medium without serum and estrogen. The addition of estradiol
results in an increase in cell growth rate. Thus, the MCF-7/S9 cell line is estrogen-responsive but not estrogen-dependent. Three different
types of antiestrogens, namely tamoxifen, ICl 182,780 and EM-652 were found to exert a significant and dose-dependent inhibition of
basal growth of MCF-7/S9 cells. The growth-inhibitory effect of the three antiestrogens was prevented by simultaneous estradiol treatment.
Antiestrogen treatment also reduced the basal pS2 mRNA expression level, thus indicating spontaneous estrogenic activity in the cells.
However, treatment with the aromatase inhibitor had no effect on basal cell growth, excluding that endogenous estrogen synthesis is involved
in basal growth. These data demonstrate that in addition to their estrogen antagonistic effect, antiestrogens have a direct growth-inhibitory
effect which is ER-mediated. Consequently, in the subset of ER positive breast cancer patients with estrogen-independent tumor growth,
antiestrogen therapy may be superior to treatment with aromatase inhibitors which only inhibit estrogen formation but do not affect cancer
cell growth in the absence of estrogens.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction eration oral aromatase inhibitors—letrozole, anastrozole,
vorozole and exemestane, are now considered established
A large proportion of breast cancer patients benefit from second-line hormonal agents for post-menopausal breast
endocrine therapy and, for several decades, most of thesecancer patientgL2]. Two recent clinical trials have revealed
patients have been treated with the antiestrogen tamoxifendata demonstrating superiority of letrozole and anastrozole
as first line endocrine therapy. Tamoxifen acts by antag- to tamoxifen as first line endocrine therafiy, 14}
onizing the binding of estrogen to the ER in the breast Theoretically, treatments with an antiestrogen and an
cancer cell§1-3]. Accordingly, the patients who respond aromatase inhibitor may be equally efficient on growth of
to tamoxifen therapy have ER positive breast tunidrs]. estrogen responsive tumors, provided complete estrogen
In post-menopausal women, inhibition of the growth of deprivation can be achieved. However, data from exper-
estrogen-dependent breast tumors may also be achievedmental systems have shown that antiestrogens, besides
by inhibiting endogenous estrogen synthesis via treatmentbeing estrogen antagonists and blockers of estrogen ac-
with aromatase inhibitorf6,7]. During the last years, new tion, may also have a direct growth-inhibitory effect in the
second and third generation aromatase inhibitors have beerabsence of estrogefs5-19] Such data indicate that antie-
developed and these compounds suppress in situ estrogeftrogens may be potentially more efficient than aromatase
synthesis, endogenous estrogen levels in the tumor tissuesnhibitors which only will suppress the estrogen-dependent

as well as the plasma estrogen leyi@ls11]. The third gen-  tumor growth. In order to elucidate this hypothesis, we
have used a model system with a subline of the ER positive

* Corresponding author. Tel+45-3525-7323; fax:+45-3525-7721. human breast cancer cell line MCF-7, MCF-7/S9, which is
E-mail address: al@cancer.dk (A.E. Lykkesfeldt). cultivated in serum-free chemically defined medium in the
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absence estradigR0]. In the present study, we have used transferrin Two days after seeding (day 0), experimen-
the MCF-7/S9 cell line to analyze the effect of estradiol and tal media were added and renewed every second or
three different types of antiestrogens, namely tamoxifen third day. Cell numbers were determined at the indicated
(triphenylethylene structure), ICl 182,7800of8ubstituted days by trypsinating the cells followed by counting in
estradiol compound) and EM-652 (benzopyran struc- a Blrker—Turk chamber. Four wells were used for each
ture) on tumor cell growth. The expression levels of the cell number determination. Stock solutions 0k3.0~3M
estrogen-regulated genes: pS2, cathepsiaBPantitrypsin EM-652 (Laboratory of Molecular Endocrinology, CHUL
and c-erbB-2 have been determined in cultures grown in Research Center, Que., Canada); 4Kl estradiol (Col-
basal medium, in medium supplemented with either estra- laborative Research), 18M tamoxifen (AstraZeneca,
diol, estradioH- antiestrogen, or antiestrogen alone. Finally, Macclesfield, UK), 10*M ICI 182,780 (AstraZeneca),
growth studies with the second generation aromatase in-10-4M androstenedione (Sigma—Aldrich), 1DM testos-
hibitor 4-OH-androstenedione have been performed to elu-terone (Sigma-Aldrich), T0*M 4-OH-androstenedione
cidate whether an aromatase inhibitor inhibits basal growth (Sigma—Aldrich) were dissolved in 96% ethanol and stored
of MCF-7/S9 cells. at —20°C (estradiol and tamoxifen) or°€. Newborn calf
serum (NCS) was supplied by Gibco BRL.

2. Materials and methods 2.3. Western analysis

2.1. Céll lines and culture conditions The MCF-7/S9 cells were cultured in T25 flasks (Nunc)
in standard medium supplemented with 1 mg/ml BSA and
The MCF-7 cell line has been obtained from the Breast 10ug/ml transferrin. After treatment with either 1M
Cancer Task Force Cell Culture Bank, Mason Researchestradiol, 10’M ICI 182,780 or 10’M EM-652, the
Institute (Worchester, MA, USA). MCF-7/S9 has been es- nearly confluent cultures were harvested using 4IC0RIPA
tablished by gradually adapting MCF-7 cells to grow at a buffer (100 mM sodium chloride, 20 mM Trizma-base, 1%
low serum concentratiof21] before transfer to serum-free  Triton X-100, 0.5% sodium desoxycholate, 0.1% SDS
medium[20]. Since passage no. 387, the cell line has beenand 1 mM sodium-EDTA, pH 8.0). About 1fg of total
propagated in phenol red-free DMEM/F12 (1:1) (Life Tech- protein per sample were run on 15% SDS-PAGE gels un-
nologies, Roskilde, Denmark) without addition of serum der reducing conditions. Proteins were transferred to an
or any growth factor (standard medium for MCF-7/S9), in  Immobilon-P membrane (Millipore, Bedford, MA, USA) by
T-flasks (Nunc, Roskilde, Denmark) coated with collagen electroblotting. Immunostaining was carried out using a pri-
(Cellon Bovine Dermal Collagen, In Vitro A/S, Fredensborg, mary monoclonal mouse anti-human &Rntibody (1D5,
Denmark). The MCF-7/S9 was subcultured once a week DAKO, Glostrup, Denmark), a primary monoclonal mouse
with a split ratio of approximately 1:10 and growth medium anti-human keratin 7 (Jiri Bartek, Danish Cancer Society,
was changed every second or third day. Cells in passageDenmark) and a secondary polyclonal rabbit anti-mouse
463-483 have been used in this study. In most experiments,lgG peroxidase conjugated antibody (P260, DAKO). The
1 mg/ml BSA (Sigma—Aldrich A4919, St. Louis, MO) and immunocomplex was visualized using the enhanced chemi-
10pg/ml transferrin (Sigma—Aldrich) were added to stabi- luminescence (ECL) detection system (Amersham Pharma-
lize the medium against endotoxins. The cell line is ER and cia Biotech, Harsholm, Denmark).
progesterone receptor positiy20]. The HMT-3522/T4-2
cell line is a spontaneously transformed cell line originat- 2.4. Northern analysis
ing from the HMT-3522 epithelial cell line derived from a
benign breast tumdR2,23] HMT-3522/T4-2 cells are ER The MCF-7/S9 cells were cultured in T75 flasks (Nunc)
negative breast cancer cells grown in serum-free mediumin standard medium supplemented with 1 mg/ml BSA and
consisting of DME/F12 (1:1) medium supplemented with 10ug/ml transferrin. Cell cultures were treated for 2—3 days
250 ng/ml insulin (Novo-Nordisk, Copenhagen, Denmark), with estradiol, EM-652, ICI 182,780, or antiestrogen and
10ug/ml transferrin (Sigma—Aldrich), 2.6ng/ml sodium estradiol in combination. The nearly confluent cultures were
selenite (Collaborative Research, Waltham, MA), 0.1nM harvested with Trizol Reagent (Life Technologies) and to-
estradiol (Collaborative Research),uld hydrocortisone tal RNA was isolated from the lysates as recommended by
(Collaborative Research) and pB/ml sheep prolactin  the supplier. Poly(AYRNA was isolated using Oligo(d3

(Sigma—Aldrich). coupled magnetic beads (Dynal, Oslo, Norway) according
to the manufacturer’'s manual. This procedure is scaled to
2.2. Growth experiments give 2ng of poly(A)*RNA when 75.g total RNA start-

ing material is used. The poly(ARNA was denatured by
Cells were seeded in multi-well dishes with (1-R) glyoxal-DMSO solution, separated on a 1% agarose gel and
10* cells per well (2 crd wells, Nunc) in standard medium  transferred to a nylon membrane (NY 13 N, Schleicher &
or standard medium with 1 mg/ml BSA and 16/ml Schuell, Dassel, Germany).
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Plasmid probes were randomly labeled with?P]dCTP Ligand binding assay wittPH-estradiol and Schatchard
(Amersham Pharmacia Biotech) using the Megaprime DNA plot analysis of the data revealed specific estradiol binding
labeling system (Amersham Pharmacia Biotech). The oligo sites corresponding to 340 fmol/mg cytosol protein and a
probe to cathepsin D was end-labeled with-3gP]ATP Kp-value of 03 x 10719M. These analyses demonstrate
(Amersham Pharmacia Biotech) by T4 polynucleotid ki- that MCF-7/S9 cells express wild type ERprotein with
nase (Gibco BRL). Labeled probes were separated fromnormal estradiol binding characteristics.
unincorporated®?P-labeled nucleotides by a NIGKSpin
Column (Amersham Pharmacia Biotech) according to 3.2. Effect of estradiol on growth of MCF-7/9 cells
the manufacturer's manual. The blots were hybridized in
RapidHyb hybridization solution (Amersham Pharmacia  Growth studies of cells in serum-free chemically defined
Biotech) containing 25 x 10° cpm probe/ml, and exposed medium with and without estradiol addition are shown
to a Phosphorimager screen before quantification usingin Fig. 1. MCF-7/S9 cells cultured in standard medium
the ImageQuant software (Molecular Dynamics (Amer- with 1 mg/ml BSA and 1Qug/ml transferrin grow expo-
shan Pharmacia Biotech)). Before re-hybridizing a blot, nentially with a doubling time of about 44 h. In medium
the membrane was stripped in boiling water. Probes were:with 10-M estradiol added, the doubling time is re-
pS2: 0.6kb Pvul to Asel fragment from the MCFZ4]; duced to 34h, thus clearly demonstrating that this cell
Cathepsin D, oligo, 3&ner: 8 TTA ACG TAG GTG CTG line has maintained the ability to respond to estradiol with
GAC TTG TCG CTG TTG TAC TT 3(DNA Technology increased growth. This cell line can, therefore, be classi-
Aps, Aarhus, Denmark}s-antitrypsin: 1.4kb EcoRI frag-  fied as an estrogen-responsive but not estrogen-dependent
ment from a human liver cDNA library was cloned into cgll line.
the pBR322 vectof25]; ErbB-2: 0.9kb Accl to BamHI
fragment from pMAC11726]; 36B4: 1.1kb Pstl fragment 33 Growth inhibition with different types of antiestrogens
from the MCF-7 cell ling27].

Dose—response experiments were performed with three
different types of antiestrogens, namely ICI 182,780 which

3. Results is a steroidal antiestrogen with a large side chain in the
7a position[28,29], the non-steroidal antiestrogen EM-652

3.1. MCF-7/0 cells: ERx expression and binding having a benzopyran structuf80,31] and tamoxifen, a

characteristics compound having a triphenylethylene structuik32].

Fig. 2 shows that ICI 182,780 and EM-652 are about
Western analysis has shown a 66 kDa protein with im- equally effective with respect to inhibition of growth of
munoreactivity towards the ERspecific antibody 1D5. MCF-7/S9 cells. The inhibitory concentration to achieve
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Fig. 1. Growth experiment with MCF-7/S9 grown in the absence and presence of estradiol. Cells were seeded in collagen coated multi-well dishes,

2 x 10* cells per well, in standard medium with 1 mg/ml BSA andpifiml transferrin. Two days after seeding, medium supplemented with either

no hormone or 10° M estradiol was added and renewed every second or third day. Cells were counted at days 0, 3, 4, 6 and 7 after the addition of

estradiol. The error bars indicate standard deviations between four wells.
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Fig. 2. Dose—response experiments with EM-652, ICI 182,780 or tamoxifen. MCF-7/S9 cells were seeded in multi-well dishes with1@*8lls

per well in standard medium. Two days after seeding, medium containing the indicated concentrations of antiestrogen was added and renewed evelr
second or third day. Cell numbers were determined 6 days after the addition of antiestrogen. In each experiment, an average of total cell number ir
four control wells not supplied with any hormone was defined as 100%. The mean values of three experiments are shown (expressed as percent of tr
corresponding control cultures). The error bars indicate standard deviation between the three experiments.

50% reduction in cell number was.22x 101°M and 3.5. Effect of antiestrogens on the expression of

3.6 x 10710M for ICI 182,780 and EM-652, respectively. estrogen-responsive genes

Tamoxifen also exerted a dose-dependent growth inhibition

but the potency of this compound was about a 1000-fold  Estradiol regulates the expression of a large number
lower, a tamoxifen concentration ofs3 10~' M resulting of genes in human breast cancer cells. Based upon our
in 50% growth inhibition. For each antiestrogen, a maxi- knowledge from experiments performed with the parent

mal growth inhibition to approximately 10—-20% of control

could be achieved after 6 days of treatment. The growth

inhibition obtained with 108M ICI 182,780, 108M 1 3 6 24 48 0
EM-652 and 4x 10~ M tamoxifen could be completely P S —————— 1 1}
abrogated by simultaneous addition of estradiol. No ef-

fect of antiestrogen treatment (1M EM-652) was ob- — - - K7

served with the ER negative human breast cancer cell line
HMT-3522/T4-2 (data not shown), strongly suggesting

that the inhibitory effect of the antiestrogens is mediated
via the ER.

EM-652

0 1 2 3 6 48 0
3.4. Effect of ICl 182,780 and EM-652 on ERwx protein — = ER

stability
- e K7
Western blot analyses were performed with lysates from

MCF-7/S9 cells treated for different time intervals with ICI ICI 182,780
182,780 _Or EM-652 to compare the Stablllw of the recep- Fig. 3. Hormonal regulation of the ERprotein content in MCF-7/S9.
tor protein when bound to these compounds. ICI 182,780 cells were grown in standard medium with 1 mg/ml BSA andgml
treatment results in disappearance ofcERotein already transferrin. After 0-48 h of treatment with either M ICI 182,780 or
after treatment for 2-3 h, whereas, EM-652 treatment only 107 M EM-652, the nearly confluent cell cultures were harvestedx ER
partially reduces the level of EJRprotein Fig. 3)_ This protein (M,y, 66 kDa) was detectgd by Western blot using a primary mono-

lvsis demonstrates that the two very efficient antie- clonal mouse anti-human EBRantibody and a secondary polyclonal rabbit
analy - y . anti-mouse IgG peroxidase conjugated antibody, and was visualized by
strogens have very different effects on the cERrotein the enhanced chemiluminescence (ECL) detection system. Immunodetec-
level. tion of keratin 7 (K7;My, 40kDa) was included as a control for loading.
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Fig. 4. Autoradiograms of Northern blots hybridized witAP-labeled
probes for pS2, cathepsin y-antitrypsin. The 2ug of poly(A)TRNA

from each condition were analyzed by hybridization of the same Northern
blot with specific probes against mRNAs for pS2 (0.6 kb), cathepsin
D (2.2kb), az-antitrypsin (1.4kb) and, as a control for RNA loading,
36B4 (1.2kb). Cells were treated for 3 days with different hormone
concentrations. Lanes 1 and 2, controls, no hormone added; lane 3,
10-10M estradiol; lane 4, 101°M estradiol+ 10-°M EM-652 (1:10);

lane 5, 101°M estradioH 3 x 10-° M EM-652 (1:30); lane 6, 10'*°M
estradioH- 1078 M EM-652 (1:100); lane 7, 10°M estradiol 1078 M
EM-652 (1:100); lane 8, 10°M estradio+ 10~7 M EM-652 (1:1000).
(Below) Scan values relative to 36B4. Average of controls was defined
as 1. The quantification was performed using ImageQuant software. One
of the three experiments is shown, similar results were obtained in these
experiments.

MCF-7 cell line grown in serum, we have chosen to

diol, namely pS2, cathepsin D and;-antitrypsin, and
one estradiol-downregulated gene, ErbB33-35] In the
MCF-7/S9 subline, a significant estradiol stimulation of
pS2, cathepsin D and;-antitrypsin was observedrig. 4).
The highest estradiol induction was a 28-fold induction
of pS2 mRNA levels. A significant increase of 6—7-fold
was obtained with cathepsin D amrd-antitrypsin mRNA
expression. Treatment of MCF-7/S9 cells with combina-
tions of estradiol and the antiestrogen EM-652 reveals
interesting differences with respect to expression of the
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above-mentioned estrogen-responsive genes. The antiestro-
gen EM-652 downregulates the estradiol-induced expression
of cathepsin D andxi-antitrypsin to about the expression
level seen in control culturesig. 4). Cultures treated with
EM-652 alone expressed basal level of cathepsin D and
az-antitrypsin (data not shown). However, EM-652 is able
to downregulate the expression of pS2 significantly below
basal expression levels. A ratio of estradiol to EM-652 of
1:30 results in basal expression levels of pS2, whereas,
further excess of EM-652 results in nearly undetectable
levels of pS2 expression. Long term exposure of blots with
RNA from control cultures and cultures treated with either
EM-652 or ICI 182,780 alone demonstrated a faint band
of pS2 in antiestrogen-treated cells corresponding to about
20% of the basal level (data not shown).

Estradiol significantly downregulates the ErbB-2 gene ex-
pression in MCF-7/S9 celld={g. 5. Addition of increasing
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probes for ErbB-2 and 36B4. The 2g of poly(A)"RNA from each
condition were analyzed by hybridization of the same Northern blot
with specific probes against ErbB-2 mRNA (4.5kb) and 36B4 mRNA
(1.2kb) as a control for RNA loading. Cells were treated for 2 days
with hormones as indicated. Lane 1, 1OM estradiol; lane 2, 10'°°M
estradiok+ 1071°M EM-652; lane 3, 101°M estradiol+ 3 x 1071°M
EM-652; lane 4, 10'°M estradiol+ 10-°M EM-652; lane 5, 10'°M
estradiol+ 3 x 10°M EM-652; lane 6, 10°M estradiol+ 10-8M
EM-652; lane 7, 101°M estradioH- 107 M EM-652; lane 8, control, no
hormone added; lane 9, 19M EM-652. (Below) Scan values of ErbB-2
relative to 36B4. The control was defined as 1.00. The quantification was
performed using ImageQuant software.
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amounts of the antiestrogen EM-652 results in gradual abol- MCF-7/S9 (data not shown). In addition, the androgens
ishment of the estradiol-mediated downregulation. A ratio androstenedione and testosterone have no effect on cell
of estradiol to EM-652 of 1:10 results in an ErbB-2 ex- growth. As expected, estradiol causes a significant increase
pression corresponding to basal expression levels, whereasin cell growth, and treatment with T8 M ICI 182,780
higher EM-652 concentrations result in ErbB-2 levels a lit- reduces growth to 25% of the control. This effect could be
tle higher than basal levels, similar to the cultures treated reversed by simultaneous addition of v estradiol. The

with EM-652 alone. failure of the aromatase inhibitor to inhibit basal growth of
MCF-7/S9 cells and the absence of growth stimulation with

3.6. Effect of the aromatase inhibitor androstenedione or testosterone indicate that MCF-7/S9

4-OH-androstenedione on growth of MCF-7/S9 cells cells in serum-free medium do not display aromatase
activity.

Expression of pS2 is strongly correlated to estrogen- Aromatase expression or activity in these cancer cells
mediated growt{36,37] The observation that MCF-7/S9 may require serum factors. IRig. 7, growth experiments
cells express pS2 when grown in basal medium without with MCF-7/S9 cells in basal medium with 10% new-
estradiol could suggest that these cells may have endogeborn calf serum (NCS) are shown. NCS was chosen as
nous synthesis of active estrogens or that the estrogen rethe serum supplement since the level of active estrogen
ceptor free of estrogen possesses significant basal activitycompounds in the NCS batch is extremely low (estra-
The growth-inhibitory effect of antiestrogens could be due diol level below 40pM), and a significant growth stim-
to competition with low levels of endogenous estrogens. In ulation is observed by addition of 1M estradiol. In
order to test this hypothesis, several growth experimentsthis medium, a significant growth stimulation is also de-
with the aromatase inhibitor 4-OH-androstenedione have tected with androstenedione (1M) and with testosterone
been performedFig. 6 shows that treatment with 16 M (10-8M), and this growth stimulation is abrogated in a
4-OH-androstenedione for 6 days has no effect on the basaldose-dependent manner by simultaneous addition of the
growth of MCF-7/S9. Increase of the 4-OH-androstenedione aromatase inhibitor 4-OH-androstenedione. Complete in-
concentration to 1M neither affected the growth of hibition of androgen-mediated growth was obtained with

300
serum-free
~~
o
P
3
=
3
e 200
2
c
(o]
(&)
-
o]
xX
=
-
)]
E
£ 100
c
)
(&}
0
5 < 3 2 2 8 o
5 T ] o o R w
g Q £ 3 8 o *
o < 7] c > o
o Y o - =~
I
©
c
©

Fig. 6. Growth experiment in serum-free medium with aromatase inhibitor, estrogen, androgens, and antiestrogen. MCF-7/S9 cells were segéded in coll
coated multi-well dishes (X 10*cells per well) in standard medium with 1 mg/ml BSA andpidiml transferrin. Two days after seeding, experimental
medium with 107 M 4-OH-androstenedione (4-OH-A), 1BM estradiol, 168 M androstenedione, 16 M testosterone, 16 M ICI 182,780 or 108 M

ICI 182,780+ 10~8M estradiol (ICI + E2) was added. Medium was renewed every second or third day and cell number determined on day 6. The
mean values of four wells (expressed as percent of the control culture) and the S.D.s are shown.



J. Jensen et al./Journal of Seroid Biochemistry & Molecular Biology 84 (2003) 469478 475

500
+ serum
400
=
[}
=
c
8
“— 300
[$)
X
N
b
[
E
5 200 1
c
©
o
100
0
S 3 2 o < < < 2 o
£ 5 2 s I T z ~ R
s £ 3 s o o 2 d 4
73 1] < < - hot
o % o + + _ -
o 3 < - e 3
° h +
H <

Fig. 7. Growth experiment in serum-containing medium supplemented with estrogen, androgens, aromatase inhibitor or antiestrogen. MCF-7/S9 cells
were seeded in multiwell dishes £210 cells per well) in standard medium with 1 mg/ml BSA anduddml transferrin and 10% NCS. Two days after

seeding, experimental medium with M estradiol, 108 M androstenedione, 1§ M testosterone, 10 M 4-OH-androstenedione (4-OH-A), 1BM
androstenedione (A} 1077 M 4-OH-A, 108 M testosterone (T} 10’ M 4-OH-A, 10-8 M androstenedione (A} 107 M ICI 182,780, or 167 M

ICI 182,780 was added. Medium was renewed every second or third day and cell number determined on day 6. The mean values of four wells (expressed
as percent of the control culture) and the S.D.s are shown.

10~ M 4-OH-androstenedioneF{g. 7). Further increase tion that MCF-7/S9 cells require serum factors to display
in the 4-OH-androstenedione concentration did not reduce aromatase activity.
growth below control level (data not shown). The aromatase
inhibitor has no effect when added alone in concentrations
up to 10°°M. ICI 182,780 (107 M) in combination with 4. Discussion
androstenedione (18 M) results in growth inhibition down
to 20% of the control level like treatment with ICI 182,780 Several studies indicate that antiestrogens have direct
alone. These experiments demonstrate that MCF-7/S9growth-inhibitory effects in breast cancer ce[55-19]
cells require serum factors to be growth-stimulated by However, most of these studies have been performed
androstenedione or testosterone. The aromatase inhibitoin medium with estrogen-depleted serum, or with cells
4-OH-androstenedione totally abrogates androgen-mediatedransferred from serum-containing to serum-free medium.
growth stimulation, whereas, the antiestrogen ICI 182,780 Therefore, it can not be totally excluded that small amounts
suppresses the androstenedione-mediated growth stimulaef estrogenic compounds could influence basal growth in
tion to a level significantly below the control level. these systems. To avoid the problems with unknown factors
Preliminary data detecting aromatase mRNA by reverse supplied via the serum component, we have used a model
transcription-polymerase chain react{88] disclosed alow  system with the human breast cancer cell line MCF-7/S9
amount of aromatase mRNA in MCF-7/S9 cells grown with grown in serum-free chemically defined medium. This cell
10% NCS, whereas, no aromatase mRNA was detected inline has been passaged in serum-free medium for more
MCF-7/S9 cells grown without serum. Aromatase enzyme than 100 passages and was subcultivated every week with
activity was measured a#,0 release in cultures grown a split ratio of approximately 1:10. The significant growth
with 1,2-[*H] androstenediong39]. Significant3H,0O re- rate of MCF-7/S9 cells in basal medium is ideal for stud-
lease was measured in cultures of MCF-7/S9 cells grown ies aimed at elucidating whether antiestrogens can exert
with 10% NCS and addition of 4-OH-androstenedione re- growth inhibition on cells grown completely without es-
duced the release 8H,0. These data support our sugges- trogen supplementation. With this model system, we find
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that three different types of antiestrogens, namely tamox- Activated ERs could indicate endogenous synthe-
ifen, ICl 182,780 and EM-652 exert a significant direct sis of estrogenic compounds by the MCF-7/S9 cells or
growth-inhibitory effect. Interestingly, the potency of ICI ligand-independent activation via phosphorylation of the ER.
182,780 and EM-652 was very similar and about a 1000-fold Our studies with the second generation aromatase inhibitor
more efficient than tamoxifen. However, maximal growth 4-OH-androstenedione clearly demonstrate that this in-
inhibition was the same for all antiestrogens, namely a hibitor is able to completely abrogate the androgen-mediated
decrease to 10-20% of the cell number observed in thegrowth stimulation when MCF-7/S9 cells are grown with
control culture. The MCF-7/S9 cell line expresses wild type serum. However, the aromatase inhibitor has no effect on
ERx and the antiestrogen-mediated growth inhibition can the growth of MCF-7/S9 cells in serum-free medium, thus
be abolished by simultaneous addition of estrogen, thusindicating that basal growth does not involve endogenous
indicating the involvement of ER. estrogen synthesis. Lack of endogenous estrogen synthesis
The mechanisms of action of tamoxifen and ICI 182,780 in MCF-7/S9 cells grown in basal medium is also indicated
are very different{40]. Tamoxifen stabilizes the ER pro- by the observation that addition of the aromatase enzyme
tein [41] and inhibits growth, primarily by inhibiting the  substrates, androstenedione or testosterone, does not result
transcription via the AF-2 activity of the ER ICI 182,780 in growth stimulation. Although the expression of pS2 in
destabilizes the ERprotein[42,43]and the transcriptionis  MCF-7/S9 cells grown in basal medium indicates ER activ-
inhibited both due to the degradation of the receptor and dueity in the cells, basal pS2 mRNA expression level is only
to the lack of coactivator recruitment to ICI 182,780 bound 4% of the level found in cells which are growth-stimulated
receptors. The new antiestrogen EM-652 is more potent thanwith estradiol. The lack of effect of an aromatase inhibitor
ICI 182,780 with respect to inhibition of estradiol-stimulated on basal growth of MCF-7/S9 cells is, therefore, not surpris-
growth[30]. However, the mechanism of action appears to ing. These data do not exclude a low endogenous synthesis
be somewhat different from ICI 182,780 as we find that of estrogens in MCF-7/S9 cells, but the amount of estrogens
EM-652 binding has very little influence on &Rtability in is certainly not sufficient to influence growth significantly.
this system. This is in concert with the observation of others  One could speculate whether the low pS2 expression ob-
[44], although other studies have shown an EM-652 induced served in MCF-7/S9 cells grown in basal medium originates
loss of ERx in the mammary gland and uterus of rats treated from exogenous estrogenic compounds supplied via the cul-
with EM-652 (Labrie, unpublished observations). ture medium or from the plastic culture flasks. However, the
So far, we have found pure estrogen antagonistic activ- medium is phenol red-free and the culture flasks do not con-
ity of the EM-652 compound in the MCF-7/S9 cell line. tain plasticizers with known estrogenic activity like phtha-
EM-652 completely abolished the estrogen-induced expres-lates or bisphenols. Therefore, we find it unlikely that the
sion of cathepsin D andj-antitrypsin, and EM-652 alone  pS2 expression arises from unknown estrogenic compounds
had no effect on the expression of these genes. This is inin the culture medium. In patients, estrogenic activity may
contrast to tamoxifen which has agonistic activity with re- arise from natural compounds or xenoestrogens in the food.
spect to the induction of both cathepsin D andantitrypsin The activity of these exogenous estrogenic compounds may
MRNA in MCF-7 cells[33]. The expression of cathepsin be suppressed by antiestrogen therapy but not by treatment
D andaj-antitrypsin is upregulated by estrogen. However, with aromatase inhibitors.
MCF-7 cells grown with serum have a constitutive expres-  The ability of the MCF-7/S9 cells to grow in serum-free
sion level of these genes, as indicated by our previous findingchemically defined medium without estradiol or growth fac-
that ICI 182,780 can not completely abolish the expression tor supplementation indicates that this cell line may be able
of cathepsin D and1-antitrypsin[33]. MCF-7/S9 cellsalso  to synthesize growth factof46]. Therefore, it is not im-
appear to have a constitutive expression level of cathepsinprobable that the ERs in MCF-7/S9 cells may be activated
D andagz-antitrypsin. by phosphorylation mediated via growth factor signaling
The pS2 gene is probably the most estrogen-sensitive gengpathways as shown in other studi@gg—53] The observed
[45], and expression of pS2 mMRNA requires ER activity as pS2 expression in cells grown in basal medium may thus
ICI1 182,780 treatment results in undetectable expression lev-arise from activation of the pS2 transcription by unliganded
els of the pS2 mRNA in MCF-7 cells grown with ser(ig3]. ERs. Based on the calculation that the pS2 expression in
In the present study, a low basal pS2 mRNA level could be cells grown in basal medium is only 4% of the level in
detected and estradiol treatment resulted in a 28-fold induc- estradiol-treated cells, the activity of the activated ERs may
tion in the expression level. Treatment with EM-652 and also be insignificant for growth stimulation. Consequently, the
with ICI 182,780 suppressed the pS2 expression to a levelsignificant growth inhibition obtained by antiestrogen treat-
significantly below the basal expression level. This observa- ment is probably not exclusively arising from abrogation of
tion indicates that a fraction of the ERs in MCF-7/S9 cells ligand-independent ER activity. Most likely, growth inhibi-
may be in a spontaneously activated state. The antiestrogerion is a direct effect mediated via changes of conformation
EM-652 acts as an estrogen antagonist on the expressiorof the ER, which could induce the expression of inhibitory
of the estrogen downregulated ErbB-2 gene in MCF-7/S9 factors such as TGB-or IGFBP-3[54,55] or interfere with
cells. other signal transduction pathwalf6,57] Analysis of the
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gene expression profiles in MCF-7/S9 cells grown in basal [8] J. Geisler, N. King, M. Dowsett, L. Ottestad, S. Lundgren, P. Walton,

medium, medium with estradiol or with antiestrogen should P.O. Kormeset, P.E. Lenning, Influence of anastrozole (Arimidex), a
be performed to identify the genes which may be involved selective, non-steroidal aromgtase inhibitor, on in vivo amo_rtlzatlon
. . L and plasma estrogen levels in post-menopausal women with breast
in the direct growth inhibition. _ . cancer, Br. J. Cancer 74 (1996) 1286-1291.

This clear demonstration that three different antiestro- [9] I.LE. Smith, A. Norton, Fadrozole and letrozole in advanced breast
gens exert a significant growth inhibition on the estrogen- cancer: clinical and biochemical effects, Breast Cancer Res. Treat.

independent growth of the MCF-7/S9 cell line, whereas, the 49 (1998) S67-S71. -
potent aromatase inhibitor 4-OH-androstenedione has nol10] W.R. Miller, J. Telford, C. Love, R.C.F. Leonard, S. Hillier, H.

effect on the basal cell growth suggests that antiestrogens ~ Sundacker, H. Smith, J.M. Dixon, Effects of letrozole as primary
medical therapy on in situ estrogen synthesis and endogenous

U_r“?'er opt!mal conditions may be _S‘{F_’e”or to aromatase In- estrogen levels within the breast, Breast 7 (1998) 273-276.
hlbltOfS Wlth reSpeCt to grOWth |nh|b|t|on Of a SUbSEt Of ER [11] C. Harper.Wynne’ M. Dowsett, Recent advances in the clinical
positive human breast cancers. Our model system may re-  application of aromatase inhibitors, J. Steroid Biochem. Mol. Biol.
flect human breast tumors displaying ligand-independently 76 (2001) 179-186.

activated ERs. tumors which are growth stimulated by ex- [12] P.E. Goss, K. Strasser, Aromatase inhibitors in the treatment and

ogenously derived estrogenic compounds or ER positive prevention of breast cancer, J. Clin. Oncol. 19 (2001) 881-894.
[13] H. Mouridsen, M. Gershanovich, Y. Sun, et al., Superior efficacy of

tumors growing estrogen-mdependently. 'Our .ob.servatlon letrozole versus tamoxifen as first-line therapy for post-menopausal
could seem in contrast with the recent clinical findings that women with advanced breast cancer: results of a phase Ill study of
the new third-generation aromatase inhibitors letrozole, the international letrozole breast cancer group, J. Clin. Oncol. 19
anastrozole, vorozole and exemestane show superiority ~ (2001) 2595-2606. _ _
compared with tamoxifefil2]. The mixed agonist antago- [14] A. Nabholtz, A. Buzdar, M. Pollak, et al., Anastrozole is superior

ist acti ft if h lain the | to tamoxifen as first-line therapy for advanced breast cancer in
nist action ol tamoxiren may, however, explain the lower post-menopausal women: results of a North American multicenter

efficacy of this antiestrogen. randomized trial, J. Clin. Oncol. 18 (2000) 3758-3767.
[15] J.C. Allegra, M.E. Lippman, The effects of 178 estradiol and
tamoxifen on the ZR-75-1 human breast cancer cell line in defined
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